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Report No, 559
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ABSTRACT

THE RELATIONSHIP BETWEEN THE ANALGETIC EFFECT OF
MORPHINE AND ADDICTION LIABILITY IN RATS

OBJECT

The purpose of this study was to determine the effect of morphine
as an analgetic agent on addiction~-prone and addiction-resistant rats,
Naive animals, from strains with demonstrated differences in addiction
liability, were tested using the "jump-flinch" procedure to determine if
any differences existedin their sensitivity to the analgetic effect of mor-
phine,

RESULTS AND CONCLUSION

It was found that the dose-response curves for addiction-prone
and addiction-resistant animals differed both in terms of the slope of
the curves and in mean threshold values. The addiction-prone animals
profited most from the administration of the opiate. This demonstration
of a relationship between addiction liability and response to the analgetic
effect of morphine suggests an approach for further research to deter-
mine if addiction liability can be predicted upon the basis of sensitivity
to the analgetic effect of opiate drugs.

RECOMMENDA TIONS

It is recommended that animals from other strains be tested to
determine their sensitivities to the analgetic effect of morphine. Upon
completion of this testing, the most sensitive and the least sensitive
animals would then be tested for addiction liability, This procedure
would allow a determination of the use of analgetic testing as a pre-
dictive tool in the study of addiction.
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THE RELATIONSHIP BETWEEN THE ANALGETIC EFFECT OF
MORPHINE AND ADDICTION LIABILITY IN RATS

L INTRODUC TION

Drug addiction, as a disease of behavior, is beginning to yield
to the application of behavioral methods. From this point of view, a
procedure has been devised by which rats can be caused to develop
sustained opiate-directed behavior (1). Consequent to this procedure,
it has been shown that individual animals vary in the degree to which
they are subject to an addicting effect of opiates. Using the drinking
tube procedure developed by Nichols (2), the individual variability in
the opiate-seeking response has been brought under study. By selec-
tive inbreeding of animals which have a strong tendency to sustain an
opiate-directed behavior and those animals which evidenced a relative-
ly weak tendency, it has been demonstrated that strains of rats can be
developed with differential degrees of opiate-seeking behavior, It has
also been demonstrated that these strain differences are not due to
weight, to an impairment in the taste sense or in the emotionality of
the strains which were developed by this procedure. Thus, at this
point, the research stands as having developed strains of rats with
differing degrees of opiate-directed behavior. However, as yet, no
other characteristics, either behavioral or physiological, have been
related to the addiction-prone or addiction-resistance of these strains,

The purpose of the present study was to determine the relation-
ship between the addiction liability and the degree to which these ani-
mals would profit from an injection of morphine in a painful situation,
Thus, the question was asked, does a relationship exist between the
effect of morphine as an analgetic agent and morphine as an addicting
drug, '

II. METHOD

Sixteen naive male albino rats from the colony of Southeastern
Louisiana College, ranging in age from approximately 124 to 127 days,
were studied. Their weights varied between 300 and 400 grams. Of
these animals, eight were from the strain which had been demonstrated
to be addiction-prone and eight were of the strain which had been shown
to be addiction-resistant. The animals were coded in such a manner
that the investigator who tested the analgesic response was uninformed
as to which animals belonged to which strain,



The method used to test the analgetic effect of morphine on
these animals was a modification of the "jump-flinch'" procedure
previously described by Evans (3,4). In general, it consists of
delivering a graded series of electric shocks through a grid to the
feet of the rat, Threshold values are calculated by determining the
shock intensities in milliamperes at which the animal ''flinches' or
"jumps' on 13 of 14 trials, The threshold to "jump' has been found
to reflect the action of analgesic drugs.,

The modifications of this procedure were: first, only ten series
of electric shocks were presented; second, a nine out of ten threshold
to jump was calculated rather than the 13 out of 14 threshold; third, an
ascending series of shocks was stopped when the animal had "jumped"
at three consecutive shock increments and a descending series was
terminated by "flinch' responses at three consecutive shock decre-
ments, Finally, since 'flinch" thresholds have not previously been
found to reflect the analgetic action of drugs, their analysis was not
considered in this investigation.

The drugs were administered by intraperitoneal injection one
hour prior to testing, The vehicle used to convey the morphine phos-
phate was composed of 50% ethyl alcohol and 50% isotonic saline solu-
tion. No injection exceeded 0.5 cc in volume. Each animal was tested
at each of five dose levels of morphine and also on the vehicle alone.

A minimum of 48 hours always intervened beiween tests for a given
animal.

The dose levels of morphine phosphate tested were 4 mg/kg, 6
mg/kg, 8 mg/kg, 10 mg/kg, and 12 mg/kg. Thus, each animal was
tested six times, five times with morphine phosphate and once with
the vehicle alone,

III, RESULTS

Figure 1 presents the dose-response curves for the two groups
of animals, The graph shows the dose of morphine as a free base in
mg/kg plotted against the threshold in milliamperes of electric shock
to "jump' on nine out of ten trials. From this figure, it can be seen
that animals from the addiction-prone strain profit more from receiving
morphine. This is to say, the amount of electric shock required to
elicit the "jump' threshold on nine out of ten trials is elevated for the
addiction-prone group when given morphine at the greater doses.
Table 1 presents the individual shock thresholds for the rats in milli-
amperes., Table 2 presents the analyses of variance and trend for the

2
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two groups as well as a ccomparison between the groups (5), Table 3
presents a Type I analysisssof variance of the differences between the
mean threshold values for ~the highest three dose levels of morphine
(6). These analyses showvthat a true difference exists between the
addiction-prone and the acdliction—resistant groups in terms of both the
slope of the dose-responssiecutarve for all dose values as well as saline
and the mean "jump'' thre ssholds at the higher doses. For the slope
index, the probability oftthe ©ccurrence of this great a difference by
chance alone is less than ,026 and the analysis of the higher morphine
levels shows p <, 05 fortaic rmean threshold differences,

IV, DISCUSSION

The results of this study indicate that a positive relationship
exists between the animaMlsfrom a strain which is highly liable to ad-
diction and the degree of - profit fr om the actions of morphine as an
analgetic agent, At preseet, itwould be premature to attempt a guess
as to the basis of this relllionship, However, upon the basis of this
experiment, certain ques stioras of great interest do arise. First, one
might ask, ""What are thesphysiological and psychological differences
between the addiction-prome and the addiction-resistant rats which
lead both to their differeritial sensitivity to the analgetic effects of
morphine and to its addicxting effects ?'" Second, one would wish to
know if we could predict the addiction liability of an animal upon the
basis of its response totxhe analgetic effects of morphine, This would,
of course, have to be tessted with other straius of rats to determine the
generality of the predictiim. Finally, and perhaps of the greatest
practical importance, woold be the question, ""Can the addiction lia-
bility in a human be predHicteed upon the basis of a knowledge of that
individual's response to- the analgetic effects of opiate drugs?'" The
use of behavioral proced lre s in the study of opiate addiction and opiate
analgesia should be able 1 lead us further in answering these questions.

V. REFERENCES

l. Nichols, J. R i A procedure which produces sustained
opiate~directe==ibehavior in the white rat., Paper read
at the Chicagcomeeting of the Amer. Psychol, Assoc.,
1959.

2. Nichols; J. F"7, Addiction-prone and addiction-resistant
rats, Paper xrad at the St. Louis meeting of the Amer,
Psychol, Assow,, 1962,



st}

p aisimiet 2

e

Evans, W. O, A new technique for the investigation of
some analgesic drugs on a reflexive behavior in the rat,
Psychopharmacol. 2: 318, 1961,

Evans, W. O. A comparison of the analgetic potency of
some analgesics as measured by the "Flinch-Jump' pro-
cedure. Psychopharmacol, 3: 51, 1962,

Alexander, H, A. A general test of trend. Psychol. Bull,
43: 533, 1946.

Lindquist, E, F. Design and analysis of experiments in

psychology and education. Houghton Mifflin Co., Boston,
1956,



I @an81 q

BM/BIW NI 3Svg 33384 VvV SV  3NIHAYOW 4O

(INIVS

6 8 L 9 S 14 e e L

¥ | L T

AINVLSIS3Y - NOILDIAQYV e---
INOYd - NOILLOIAQV &—

St ent o

3Isodq
DINOLOSI)
(o]
|._
Y
D
—
)
Z o
)
< M
m [®)
>
4
T
m
|
m
7))

oe

OlL QIOHS3YHL

ud‘wnr‘"

NO



TABLE 1, Scores are jump threshold in milliamperes,
Morphine Dose Level
Rat No, 0 4 6 8 10 12
Addiction- 83 1.0l .93 1,14 1,11 2,73 1.86
Prone

85 .66 .73 1.83 1.17 3,20 3,20

37 .97 .62 1,11 2,52 1,92 2.73

33 . 56 .66 .61 1,30 2,03 2.82

39 .63 1,14 1,12 3,20 1.81 3,20

69 .51 1,03 1,01 .93 1.57 3.20

71 .62 .76 .82 .91 1,35 1,73

67 .46 .64 1,01 1,02 3,20 3,20

Mean .68 .81 1,08 1.52 2,23 2,74

Addiction- 53 . 62 .61 .62 .92 1.74 2,74
Resistant

55 .78 1,32 1.01 1,41 1.71 1.43

77 .48 1,11 1,22 1.35 1,03 1,62

79 .69 1,60 1.52 1.61 2,13 2.91

25 .43 .52 .75 1.52 1.68 2.14

.27 .67 .72 1,03 1,02 1.12 3,20

29 .63  1.40 .81 1,13 1,27 1,22

31 .51 1,09 2,22 1.51 2,12 2,84

Mean .60 1,05 1,15 1,31 1.60 2.26
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TABLE 2, Analysis of trend,

Source SS df MS F
Addiction-Prone

Individual Deviations from

Estimate 77636 28 2773
Group Deviation from Linearity 33602 4 8401 3,03%
Between Individual Slopes 20674 7 2953 1.06
Between Individual Means 30282 7 4326 1.56
Group Slope 237903 1 237903 85, 79***

Addiction-Resistant

Individual Deviations from

Estimate 40623 28 1451
Group Deviation from Linearity 12100 4 3025 2.08
Between Individual Slopes 19859 7 2837 1.96
Between Individual Means 27886 7 3984 2, 15%
Group Slope 114921 1 114921 79, 20%**

Comparison of Groups

Individual Deviations from

Estimate 118258 56 2112
Group Deviation from Estimate 10200 4 2550 1.21
Between Group Slopes 11064 1 11064 5, 24%%
Between Group Means 7994 1 7994 3.79%

*p < ,06

b3

“p < .026
3

S < . 001



TABLE 3. Analysis of variance of highest three doses.

Source SS df MS F
Between S 93854 15 6257 1.239
Between G 23649 1 23649 4, 682%
Error B 70710 14 5051
Within S 199859 32
! £33

D 95033 2 47517 13.123
GxD 3452 2 1726 <1
Error W 101374 28 3621

Total 293713 47

*p < .05

Kk

F<.00l

AG 1999-0-Army-Knox-Feb 63-5C



‘..................'...................................'....
R

®00v000000000

*£37TAT30D oT318bfPUD S3IT jo SWIay uUT aurydiow 8yl wmolj

3som pa3jrjoid UTDI}S 9uold-uoT3OTIPPL Y} WOIJ STPETUD 3yl °San[bDA
pProYsSa1gl Xd0ys OTI}D3[9 upaw ayj puv sadoTs asuodsai-asop ayy yioq 4Lq
uxoys spa surydiomw o3 AITATITSUSS UT 8OULIdJJTP Y °[0I3u0d ogaopyd
D $D STOTY9A 343} [Y3ITA SD [[94 Sp ‘ourgdiom jo STIA3] ISOp JUIIIJFTP
AT} i9pun Pe3sSa) Spa [DETUD YopJ °PeIn SDa poylaw OTrijamysabypup
L.yourrj-dan{,,6 oyl °*surydiom jO 3D83j3 OTIabTpoud 3yl 03 4A3ITAT}
-TSU3$ 179y} OUTWISISP 03 Pa3sa) 313a 'STDETUD JUDISTSII-UOTIDTPPD
pup” 2u01d-uoT30TPPP jo surpiys padoyaaap A[[proads moij ‘*s3ioy

310day parjrSIDTOUn

*100-T0-09X9 *ON 323fo1d ‘safqpi ¢ snyITY 1
- 1T » dd g ‘g9 923 ST ‘655 °ON 3ioday
13ubiag °(Q jO 18SD Yooy a

supAj ‘Q ‘M PUP STOYIIN M °[ - SLVYH NI
ALTTIAYIT NOILOIQQY OGNY INIHdHOW JO 103443
JILIDTYNY JHL NIITALIE JIHSNOILYTJIH JHL

1
1

ol
-
o

1T9DT] wWoTI2TIPPY °¢

prsebiouy °g
AboTooOD

-21pgq [pioTApyag °'1

.

*ON UOTS8300Yy ay

*£31TATIOD Do1318HTDUD SIT jO sSWia) ur aurydiom a2yl woIj

}soE pa3Tjoid uTDiI}S ducid-UOTIOTPPO 2Y) WOlj STDEIID 8Y] “S3nIpA

PTOYS®@1q] YD0Ys OTI1D2[2 uvam ay3 pup sado[s osuodsai-asop 3yj yioq »M
usoys spa surydiom o3 AITATITSU3S UT 92WaIBJJTIP ¥ "[0IJuU0d 0qaodpy

D SD STOTHPA 943 YiTa SD [[oa Sp ‘2urydiom jo STIA3] 9sOp 3Juaiajjrp

9AT] I2puUn pa3}sa) SDa TDETUD {YopbqJ °*paIsn SDa poY3aIm OTi}asTsabiuup
,.qouryj-dun{,, agy -surydiow jo 309332 or3abypup 3gy o3 L3TAT)

-T1SU38 IT9Y) SUTWII}IP 0] pPII}sI3 SI3a '"STpEWIUD 3Ugp1STE31-UOTIDTIPPD

pup auoid-uoT3oTPPP jo surpils padoTaasp ATTproods moxjy ‘sipy

11oday parjrssoroup

gI1IISSYTIOND ‘A3 'xouy 33 °qp] yoipassy [pOTpPaj Amiy g ) QdIIISSYTING

............................‘......................‘..‘...'

*£3TATI0D o739byDPUD §3T jo smi93 uy dutydiom oyl moij

i3som pa3iTjoid urpils aucid-uoTIOTPPD 3Y} WOIJ STDATUD IY] *SINTDA
pToYsaIyl yooys oT1309T2 upauw 3y}l Ppup sado[s asuodsai-asop sY3 yioq 4q
usoys spa aurydiom o3 AJTATITSUSS UT 80U2IAJJTP ¥ °[0X3u0d oquonyd
D SD S[OTY3A @Y) YiTa SP [[2a SD ‘surydiom jo STIAdT 9SOp 3ualdajjrp
eATj) Iopun paj}sa)} Spba [DRTUD YODY °*Pasn spm poyiam ori}awrsabypup
..,gouryj-dun{,, ayl ‘aurydiocm jo 3033js oriabipup ayy o3 L3TAT}
-TsSuas 1T3Yyj 2UYTWIa}9p O} PI3S2] 9I13M ‘STOWTUD IUPISTSII-UOTIDTPPD
pup auoid-uor3oTPpp JO suipils padoTaadp Af[pIo2ds moij ‘s3ipy

j1oday patTjTSspioup

‘100-10-09X9 "oN 30dloxg ’sarqp) g - SUITT T
- 1T » dd g "g£9 933 §Z ‘65 ‘oN 3ioday
1sublag (] JO 1SSD yoai /M

supag -Q "M PuD STOUdTIN “H [ - SLYH NI
ALITIGYIT NOILOIQQY ANY JONIHdHOW JO 103443
JIL3DTYNY JHL NIIMLIF JIHSNOILYIIH JHL
+Ay_‘xouy *34 ‘qp] y21Dasay [PITPaW_Amiy sn

1TqpTr] 2OTI2IPPY ¢
pIsadTDOUY °*Z
£bojeop

-wIpg4 [oliorapyeg

o)
-
-y

‘1

..I.O.q 0006080000000 00000000

"ON UOTSS8303y ay

*A31aT1OoDP DT39BTDUD S3IT jo smia) ur durydiom ayil woij

3som pajTjoxd urpiys auoid-uoTiIOTPPP a3yl Wolj STPUTUD 8Y] ‘Sanfpa
PTOoYsa@iy3 YO0Ys OT1}03[d UDIW 3y} pup sado|s asuodsai-ssop 243 yioq 4q
umoys soa aurqdiom o3 A3ITATITSUSS UT @OUSILJJTP ¥ °T0i3uwod oqadpld
D Sp B[OTY2A 9Y3 YiTa SD [[24 SD ‘durydiom jo ST3Ad] 3SOp IUSIIIJIP
9AT}] J1opun pa}sadi spa HUIMQU.JUU” ‘pIsn soa poylam UMHHOEHWQ@HUGU
,.goutj-dan(,, ayl -ourydiow jo 309335 or3ebTvup a8yl o3 A3TaTi
-TSUasS 1Tay) AJUTWII}IP 0} Pa}Sd} 3IdM ‘STDWIUDP JUPISTSII-TWATIOTIPPD
pup 2uo1d-wor3odTPPp jo surpi}s padof[aasp A7Tproads wo1j ‘sipy

3I10day perjisspyoun

0000060006000 00600000000g90000009

0000000600600 000000000000000000000000000000000000C0080000006000

"T00-T0-09X9 “oN 3oalorg °sayqpl g - sayyr | *100-10-09X9 ‘OoN 323load ‘safqpi g - snITT T
NP - ¥T »dd g g9 953 g7 ‘66§ ‘oN 3iodey e—0 ‘ - 1T pdd g ‘g9 923 5 ‘655 'oN 3ioday
£317TqDTT WOTIOTPPY °§E 1aubiag *Q Jo 1sSp goai/a $A3TTTGDTT UWOTIDIPPY ¢ Isubiag °*( }JO 1SSD yoIi/m
pisabyouy °Z Supag *Q "M PUP STOUITN Y [ - SLYH NI e prssbyouy -z SUPA ‘O °M PUD STOUDIN Y °[ - SIVH NI
4boTooD ALITISYIT NOILOIAAY GNY INIHAHOW JO 103447 ¢ ) £bot00D . ALITIEYIT NOILOIAAQY ONY INIHdHOK JO 103443
-®ibgqd TpIoTAD{aq °T DIL3IDTYNY JHL NIIALId JIHSNOILYTIH JHL § -®IPYg [pioTanyag °{ JIL3DTYNY JHL NIIALId JIHSNOILVIIY JHL
QALIISSYIaNO s cxoumy *3J ‘'qo7 Yoipasay [DOTPIN AmIy SN o Q31JISSYTONG ] Ay ‘xouy *3J °'qp] Yol1pasay TpOIpay Amiy gf)
"ON UCTSSadDy ay u *ON UOTSSad0Y ay

.

[

L]

GO0 0000000000050 09C00C000000000000000000000000009000000000006080000R00000000000000000000 7 0006000000000 000eccnnctcesssasccsaoscse

GO OO LCOOPIPOEOIODLICLOLECEPRCENIONLCEOOINDOIONNOOOEOEEOISOS

0GOS 00000000000 0000000060000080000000



